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Genetic Diversity in Cichla monoculus (Spix and Agassiz, 1931)
Populations. Implicationsfor Management and Conservation
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Abstract: Problem statement: The object of this study was to examine the gersttucture and gene
flow in Cichla monoculus populations in seven varzea lakes of the SolimagsrRising Randomly
Amplified Polymorphic DNA (RAPD) markers, to monitthe region where petroleum is transported
in the Amazon basimApproach: The loss of genetic diversity is one of the maintdrs leading to
reduced evolutionary potential in species of fishthis context, this paper seeks to understand thew
influence of the stretch of pipeline in the SolimoRiver between the cities of Manaus-Coari
influences the genetic structure ©f monoculus. For this we measured the level of genetic divgrsi
and structure of the species in the studied stréehults: Proportions of polymorphic loci varied
from 8.7-39.7% in analyzed populations. Low hetggusis levels were detected (He = 0.1652) and
highly structured populations in the seven lakethwow gene flow (Nm = 0.7025) among all fish
studied. Unexpected differentiation was found betwéshes among the lakes. Fish populations from
lakes closest to Manaus (human population of ~#an)l are different from those occurring in lakes
closest to the Coari region (close proximity to rpktum barge transfer terminals).
Conclusion/Recommendations. Differentiation can be explained by natural caus€bis study
identifies antropogenic activities influencing tlsigecies overall. Since industrial fishing is ptexa
due to the high economic value Gf monoculus. Also, this species posses behavioral charadgtarist
that are desirable in sports fishing. Managemedtamservation of this species will be necessary in
the near future to recover genetic variability lsvim each lake and allow gene flow among them.
Further studies are needed to better understardiffeeentiation among populations.

Key words: Amazon basin, tucunare populatioi@chla monoculus, varzea lakes, high economic
value, genetic studies, sports fishing, genetitadie, skeletal muscle, peacock bass,
artificial fish populations

INTRODUCTION 2005, Petrere, 1996). It is a territorial specieishw
seasonal spawning and broth mouthing habits,
The Cichlidae is one of the most diverse famities contributing to their aggressive behavior fish,
teleost fish and is widely distributed in tropical particularly when taking care of their offspringgfson,
ecosystems. Most of its representatives are found i2006). According to Kullander and Ferreira (2006)
fresh water environments (Andradet al., 2001). there are 24 species Glichla; however, only five of
According to Carvajakt al. (2005), the species of this them are accepted and considered valid by the
family are found in clear, dark and white watereris.  taxonomists:C. temensis, C. monoculus, C. ocellaris,
Among all species of neotropical cichlids, t@echla  C. orinocensisandC. intermedia.
spp (tucunarés) are considered the biggest (Nelson, Despite its importance to the local economy,
2006), which results in a great commercial imporégan recreational activities often supports the local
both as food item and as an important sports fishin economy there are few genetic studies about tuéunar
species (Jepsethal., 1997). populations in its natural environment. Studies on
Cichla monoculus (tucunaré) occurs in the Amazon genetic variability addressing natural and art#idish
Basin (Sampaioet al., 2000). It is a non-migratory populations are of great importance to understawd h
species adapted to lentic environments (Faglaal.,  variations in survival, reproduction and growthesat
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contribute to alterations in gene and genotypic MATERIALSAND METHODS
frequencies and vice versa.

Several methods are available to analyze genetiSample tissue collection and digestion: A total of 57
variability in natural fish populations. After tdi®50‘s,  individuals of C. monoculus were collected in seven
when electrophoresis was first used for protein‘varzea” lakes along Solimoes River (Table 1 angl Fi
separation, protein based markers (isozymes) becanig. All collections were done during the expeditanf
one of the first methodologies applied to investiga the Network PIATAM, phases Il and IV (funded by
genetic variability in populations. Isozyme (prodo¢ = PETROBRAS and FINEP). Tissue samples were
gene duplication) and allozyme (product of geneextracted immediately after fish collection. Frozen
mutation) systems were largely used in the 198@'s ttissue samples of skeletal muscle were kept inidiqu
detect genetic variability and estimate genetitadise  nitrogen containers during boat trips and tranefito-
among related species. Once few uniloci bands wer80°C freezers in the laboratory at INPA research
found in many enzyme systems, it also became f#acilities. These samples were used for DNA
powerful tool to investigate genetic polymorphism i extractions. Tissue samples were digested in steril
different populations (Parkeet al., 1998). Thus, Eppendorf tubes containing pL digestive solution
proteins have been used in phylogenetic studiegNaCl 0.4 M, EDTA 0.1 M pH 8.0, Proteinase K 100
(Tringali et al., 1999) and also in studies aboutpg mL™, SDS 0.1%) and RNAse enzyme (100 mg
population variability of many fish species (Caloajo ~ mL™). The tubes were shaken gently and incubated at
and Toledo-Filho, 2000). More recently, the Random60°C for, at least, two hours. After tissue digesti
Amplification of Polymorphic DNA (RAPD) has been DNA extraction was preceded.
described and used in similar studies. RAPD was the ) ) ) ) )
first genomic DNA based marker (Williamet al., Genomic DNA extraction: Both tissue d|ge_st|on and
1990) and has been widely applied during the pasIPNA extraction were _performed according to the
years. The RAPD technique has been an achievementrgethOdomgy described in Sambrook and Russel (2001)

- : . - - NA extraction followed with the addition of 600
uick estimating values of genetic diversity betwee .
gopulations, spgecies and figh lineages (P)t:azt/kal., phenol-chloroform to the Eppendorf tubes, to digsol

any remains of proteins. Tubes were then centrfuge
2005). Nowadays, although many new moIecuIarMPW_Med_ Instruments, model MPW-350R) at

markers are available, RAPD remains the most rapi 3,000 g for 109 min. Dissolved DNA in the buffer
and economically viable tool to access geneticytions was extracted off the top of the phenol-
variability in populations and es_tabhsh furtheaqhing  -hioroform layers, using cut pipette tips rathearthihe
for management and conservation programs. ~ normal uncut tips, to avoid breaking of DNA in the
In Amazon region, the Urucu petroleum provincesample. Supernatants were added into new Eppendorf
contains a vast reserve of petroleum and natursl gayhes containing 1ml of cold absolute ethanol fdtD
This reserve has been explored by Brazilianyrecipitation. Gentle mixing by inverting dissolvady
government since early 1980’s. The area stud!etden impurities left in the sample, 1 M sodium chloridas
present work includes varzea lakes that are unidectd 54ded to the DNA in the ethanol and the tubes were
influence of the main river (Solimoes River) floafi  fozen at -80°C for 30 min. This step precipitabigA.
system. This region is under environmental pressur@gier thawing, the tubes were centrifuged for 5 raird
since it is the main area of petroleum and gagycess ethanol was poured off to leave a smalktpail
transportation in the Amazon; petroleum and gaseted  the pottom of each tube, pellets were washed with 2
from Urucu petroleum basin is transferred fromnt&n — ~51d 70% ethanol and again centrifuged for 5 min.

platform to a terminal in Solimoes River by pipefn  Ethanol was poured off and the tubes (with peitahe
From the Solimoes Terminal (TESOL), which is lodaite bottom) were incubated overnight at 37°C. After
the vicinity of Coari town, the petroleum and gae a eyaporation of all excess ethanol, the dried DNAs wa
transported in barges to the refinery plant, latatethe  gijuted in 500 TE buffer (TRis-HCI 10 mM, EDTA 1
city pf Manaus. The river margins can be damaggd (b_mM) and stored in Eppendorf tubes at -20°C.
erosion) by the movement of the barges and there is 14 gccess quality and quantity of DNA, a small
always the ri_sk of an oil spill. These environmeétiteeats aliquot of each sample was run on a 0.8% agarose
increase during low water level season. , minigel in 30 mL of Tris-Borate-EDTA-buffer

The quecu_ve of this study is to investigate the(sigma) pH 8.3, stained with 3 ethidium bromide
genetic integrity of C. monoculus (Tucunaré) splution (BDH - 10 mg mL*) and assessed under UV
populations that occur in seven varzea lakes alongght. All gels were run with a known DNA
Solimoes River between the cities of Coari andconcentration of phage (20-40 ng). Subsequently the
Manaus, using RAPD. DNA was diluted in 5 ngiL ™" for RAPD reactions.
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Table 1: Lakes of the Coari-Manaus section withitude and The tubes were placed at random in the PCR
—— Long't“del_;‘:i?l:‘;!‘ates Congiinde machine for an initial melting step at 94°C for 3nm
Baio 0FIT234S 5004388 W before 0.5 U of Taq DNA_ polymerase (DynazymeTM
Preto 03721'17,1" S 60°37'28,6" W II) was added. For the first cycle, denaturationswa
lauara 03,36'39,2" S 6116330°"W  96°C for 3 min, annealing at 37°C for 1 min and
Anana 03°54'44,8" S 61°40'48,6" W . o . . .

Campina 03°45'49,9" S 62720'45,8" W extension at 72°C for 1.5 min. Denaturation timeswa
Maraca 0350'49,4" S 623432,0'W  decreased to 30 s for the following 40 cycles. Aalfi
Poraqué 03°57'49,4" S 63°09'50,9" W

extension step at 72°C was performed for 3 min figefo
Table 2: Base pair sequences for RAPD, CG percestagd the the samples were finally cooled off at 4°C. A nagat

obtained loci numbers control with template DNA replaced by water, was
Primers _Sequences (5'- 3') %CG Loci numbers (NL) performed for each set of amplifications, in order
ﬂj é%ﬁigggé% F;% 2211 verify the absence of contamination.
H-5 AGTCGTCCCG 70 21 Aliquots of PCR products were run in a 1%
P gLesTeCCea n a Agarose (3v/icm) gel using a TAE 1X buffer. Invitesy
A132| AAGAGCCCGT 60 12261 DNA Ladder (100 pb) was used as a molecular weight
Total

marker. Gels were stained with Ethidium Bromide and
documented under UV light (Master image VDS).

63°0°0°W 62°0°0°W 61°0°0°W 60°0°0°W

Selection of primers: In a pilot survey, 36 different 10-
base primers (Operon kits A, H and P) were evatuate
(Operon Technologies Inc., Alameda, CA, USA), of
which six primers gave clear, reproducible, infotive
marker patterns, coded by 126 loci and these were
selected to the present study (Table 2). The sfze o
o fragments was estimated by comparison with the 100
w g pb DNA Ladder. Band fragments with identical
molecular size (same fragment) were scored for
Fig. 1: Location map (Digital Elevation Model) presence (1) and absence (0), generating a madtrix o
showing topography and the locations of therRaPD phenotypes, as described in literature

Solimoes Varzea lakes where fish were (Exadactylos, 1997; Exadactylesal., 2003).
collected. The lakes are located between the

cities of Manaus and Coari Statistical data analysis. Despite the possibility of

] ) underestimating or overestimating genetic diversity
Pecrlfqo-moézDin Zgrtgf:?ure' volI::JCr:nZ corr?t?\(i::iﬂnsz r;"é\irtim(heterozygotes are undetected and band frequeares
Euffer (10 mM Tris -HCl, pH 85: 15 ml?/l MgCI2 below 50%), RAPD provides useful estimates of genet

500mM KCl, 1% Triton X-100, Dynazyme TM 1), 0,2 variation allowing for plausible assumptions (Kinibey

mM (pH 7.0) of each deoxynucleotide triphosphateet al., 1996; Exadactylost al., 2003). The assumptions

(dATP, dCTP, dTTP, dGTP), 0.75 mM 10-mer primeradopted in the prese,nt Wor.k about RAPD p_rofileﬁ:jn
(Operon), genomic DNA and 11.75 water (molecular™noculus (Tucunare) are: all RAPD loci showed
biology grade, BDH). The reaction mixture was caier| complete dominance and the absence of a banq iedica
with 30 mineral oil (Sigma). DNA amplification was the genotype of a homozygote for the recessivdealle
performed in a thermal cycler (Applied Biosystems). (&) all loci had 2 alleles with frequencies p andrgi
The tubes were placed at random in the PCFenly one allele amplified to produce a band; polyphdc
machine for an initial melting step at 94 °C fom#n, bands seggated in a Mendelian fashion and all
before 0.5 U of Tag DNA polymerase (DynazymeTM populations are under Hardy-Weinberg equilibrium
Il) was added. For the first cycle, denaturationswa (p?+2pg+d=1, or p+q=1) (Lynch and Milligan, 1994)
96°C for 3 min, annealing at 37°C for 1 min andand the calculated genetic diversity represents tha
extension at 72°C for 1.5 min. Denaturation timeswa expected under Hardy-Weinberg equilibrium.
decreased to 30 s for the following 40 cycles. rali Genetic diversity index of Nei (1972) was used to
extension step at 72°C was performed for 3 minfieefo determine genetic variability between populations.
the samples were finally cooled off at 4°C. A neégat Number of migrants per generation (Nm) was used to
control with template DNA replaced by water, was determine the gene flow between populations.
performed for each set of amplifications, in order Genetic divergence was analyzed according to the
verify the absence of contamination. genetic distance index also proposed by Nei (1972).
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The method of cluster analysis was UPGMA Table 4: Statisti® (st and 1 ®st) and the number of migrants for

(Unweighted Pair-Group Method Using an Arithmetic each generation (Nm) of the seven tucunaré natural
Average) with the fit of the dendrograms assessed b populations in Coari-Manaus course
goodness of fit statistics. The genetic distance Toc c?gttszs %)‘7‘25;7 N0m7025

| . . .
dendrogram (or phenogram) was constructed t pper (IC 95%)* 0.3085 0.6015

graphically represent the divergence pattern betwee, o e (ic 950)*
populations occurring in the different lakes. The

analyses were performed using the Program TFPGAable 5: Genetic distance (above the diagonal) idedtity (below

0.2110 0.7890

1.3 (Miller, 1997). the diagonal) matrix comparisons among populatiohs
Cichla monoculus from the seven studied lakes of Solimoes
RESULTS River (Amazonas, Brazil)
Population Baixio Preto lauara Anana Campiiveracd Poraqué
Estimated allele frequencies using RAPD encodin@fﬂxio - 0.0264 0.0852  0.0578 0.0634  0.07760.0525
. . - . reto 0.9739 - 0.0523 0.0469 0.0492  0.0523.0492
loci varied between populations of tucunaré. Thejgyara  0.9369 0.9490 - 0.0502 0.0652  0.0649.0538
populations from two lakes (Preto and Campina)Anand  0.9438 0.9542 0.9510 - 0.0549  0.0640.073

. . Campina  0.9386 0.9520 0.9369 0.9466 - 0.0460.0429
presented higher percentage of Polymorphic Loc) (PL waraca  0.9254 0.9490 0.9372 0.9380 0.9546

than the populations of the other five studied $ake_Poragué 0.9488 0.9520 0.9476 0.9292 0.95809708.

(Table 3). From the total 126 loci, 32 were polyptoc

in all seven populations (22.56% of analyzed IoEhe DISCUSSION

mean Observed Heterozigosity (HO) was lower than _ o _ _

the mean Expected Heterozigosity (HE) (HO<HE) for _T_he RAPD is more sensitive in detec_tmg genetic

all populations from the seven lakes (Table 3). variation; but because they are usually dominamkens.
The analysis of the 32 RAPD polymorphic loci (Lynch and Milligan, 1994) more loci are negde_dlmmn

suggests a high genetic structure among the pamngat more accuracy of estimates of genetic variabillifgose

(st = 0.2623) and that the genetic structure inthiee analyses were enough to detect discrete differences

populations is 73.77% (Table 4). Gene flow amongbetween populations in different lakes and leadtais

. - ) search for a higher number of loci to be analyasdthe
_populatlo_ns |n_d|cates that a l(?W rate of _mlgrant3126 loci assessed with RAPD methodology, of whih,
increase isolations of the populations of tucunarée presented polymorphic alleles.
lakes (Nm = 0.7025). The low variability presented by tucunaré

Comparisons among the populations of different,, aions are surprisingly similar to the results
lakes by the Genetic Distance (and ldentity) MatriX o piained by Oliveiraet al. (2006) in otherCichla

show that the most similar populations (genetigallie  hocies from Parana River. Indeed, it should be

the ones between Baixio and Petro lakes (Table Sy, nq teq jow genetic variability in populationsiri in
while the most distant populations occur between th hydrographic basins other than the Amazon, sini th

popula_tions of Baixio Lake an_d Maraca_Lake. In fact genus is endemic to this basin. This gerist{a) has
according to the cluster analysis, populations ftakes been introduced in almost all other hydrographisirs

Maraca, Poraﬂue and Campdlna forrr]n a sepellra_te glfofup fi Brazil. In the Northeast region, tucunaré isseai in
ispkemmer_ws_ when compare (;[0 the populations rond a1 gams (named acudes) in order to provide fish
akes Baixio, Preto, _Iauara an _Anana (Fig. 2).adar protein to human population living in that area.elXo
Poraque and Campina populations are closely relateqs aqtefyl meat, its quality meat has createdigh h
so are the populations of the other four lakes. demand for this species across the country. These
Table 3: Genetic variability for the RAPD 32 polypbic loci on ~ €XOtIC poPlﬂlat_'c.mS are indeed Sma”e'f n _numbe_'r and
tucunaré populations from the seven lakes in tharico genetic variability. The low genetic variabilityund in

Manaus course. ExpectedJHand Observed Heterozigocity the present work is not the expected results faild
(Ho), Population Sample (N), Polymorphic Loci Number

0.0302

(PLN) and Polymorphic Loci Percentage (%PL) population living in the Amazqn basin. These resu!t
Population H Ho N PLN % PL suggest the analyzed populations have low effective
Baixio 0.0337  0.0303 5 2 87302 size (low Ne) (Frankham, 1996). One cannot rejeet t
Preto 0.1354  0.1308 15 8 39.6825 ; i ;
lavara 00436 00360 3 5 111111 Idea of species hybridization, qlthough the animadse
Anana 0.0825  0.0747 6 4 20.6349 all morphologically characterized a8. monoculus.
Campina  0.1458  0.1410 16 8 38.8889 ; -

Maraca 01021  0.0948 P 6 593651 Andrade et al. (2001), _mvestlgatlng mtDNA_ ofC.
Poraqué  0.0340  0.0306 5 2 9.5238 monoculus and C. temensis from Amazon basin, also

Total - - 57 32 22.5624  observed low genetic variability in both specidsisl
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common that the same species mate in and betwee| Baixio
lakes, since lakes are not isolated all year long.

As C. monoculusis a hon migratory species (it is in
fact a territorial species), it is expected a highe

89.92%
Preto

Tauara

structured population with low number of migrants. Anana
This conclusion is in accordance with the obseovesti | e

. . Maraca
of Fariaset al. (2005) that suggest non migratory —-I?aw/.
species have increased probability to present p— e
miscegenation betweep related spe.cimens. In Garmii
consequence, there will be a reduction on the ; ' , i
heterozygosis, loss of allelic diversity and desesh 0.100 0075 0050 0025 0.000

genetic variability. In addition, the endogamy casult
in disomy of some recessive alleles; the adaptalaey ~ Fig. 2: Genetic structure pattern in tucunaré patfnis in

of the population will decrease in a very shorteim the seven lakes of Coari-Manaus route, defined by
RAPD alleles also presented lower observed UPGMA group, based on Jaccard’s similarity
heterozygosis than expected. index (%) and Nei’s genetic distance (1972

F statistics for RAPD markers showed that these . .
populations are highly structuredbst = 0.2623). C. monoculus gene flow is, as already mentioned, less than
Estimated number of migrants was also low; lesa tha one  specimen fqr each generation (Nm = 0'70.25)'
migrant into the average population per gener(i According to Pereirat al. (2007), when the gene flow is

_ A . e limited, populations tend to reduce their effectize and
= 0.7025). These data indicate an insufficient géne increase their endogamy, resulting in a greateaity

bgtweeq . populauons,. causing — an accelerate f differentiation. To Slatkin (1985), when Nm &s§ or
differentiation in a period of time shorter thaneon o5 t9 1, population differentiation will be thatcome
could expect for naturally distributed species. of genetic drift in the population. In the abserufea

Therefore, any conservation managing of theseglective feature, genetic drift can influence the
populations shall take into account the estimated | differentiation of tucunaré populations in the ddakes.
gene flow between lakes and highly structuredThe smaller the population effective size, the biggill
population. Genetic drift may be taking place doeat be the effect of the genetic drift over it (Allemfi@nd
small effective number in some of the populationsLuikart, 2007). In addition, the fact th@ichla is a non-
studied in the present work as well as low genetignigratory species contributes to the appearancievef
variability and highly structured population (Tamg  9ene flows between more distant lakes (Fig. 1).
Further analysis with more effective markers sush aEStablisnment between population differentiatiolatee!
microsatellites assessing each population as sutiQ, reproductive characteristics and natural hahitat

. . . . ) addition to the reduction of population size indaklue to

population or isolated population are required iideo

heck if th . d by the d g anthropogenic sources is difficult. More numerousl a
to check It there s, as suggested by the datagdant 5.0 rate markers should be used before any commglusi

impairing migration between lakes. The best markers to access those populationsdinglu
The studied region has been negatively impacted biose isolated from anthropogenic  disturbance, are
increased human population density coupled with amnjcrosatellites, codominant and highly variable erak
increase of urban and riverside communities; dtréscal  (non-coded DNA).
environmental resources have been exploited causing Regarding the higher genetic distances between
damage to aquatic environments. Subsistence fshari two clusters, one can observe that they have atigene
this region are very common and can affect locsth fi distance betweegichla populations from eastern and
populations. Commercial fisheries are an importantvestern lakes (Fig. 1 and 2) suggesting a probable
economic activity within the studied area andisolation between those populations. The non
consequently may be detrimental to natural poatof ~ correlation of genetic with geographic distancevamo
this species. As above mentioned, Gilthia species are 0¥ Our dafa suggests that there is an absence of
widely used for commercial fishing due to local isolation-by-distance, in which case F statistics i

S . underestimating the degree of differentiation and
gastronomy. Sports fishing in the Amazon is anom%verestimating the gene flow (Slatkin, 1985).

source of anthropogenic disturbance of this spetiess,  Regarding geographic distances among all lakesg mor
commercial and recreational fishing may have imftgel  accurate data will be necessary when considering
the results described in this study. populations in a lake by lake basis ¢Ftistics) and
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